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DECARBONISING THE ENERGY SYSTEM - The role of Transmission System Operators




In seeking to meet the objectives of the agree-
ment, in 2019 the EU completed an update of
its energy policy framework by publishing its
Clean Energy for all Europeans package. This
package sets binding targets for Member Sta-
tes to be reached by 2030 in relation to decar-
bonisation, the future RES share, energy effi-
ciency and interconnection capacity. Member
States have submitted National Energy and Cli-
mate Plans (NECPs) to the European Commis-
sion, outlining the measures they plan to imple-
ment in order to meet the 2030 climate targets.

At the end of 2019, the EU published the Green
Deal, which outlined its goal of making Europe
the first carbon-neutral continent by 2050 and
its growth strategy for transforming Europe into
a modern, resource-efficient and competitive
economy. At the end of 2020, the EU decided
to revise the 2030 European GHG emission re-
duction target, increasing it from 40% to 55%
(compared with 1990 levels).

Undergoing the energy transition, reaching car-
bon neutrality and establishing an affordable,
secure, and cost-effective energy system requi-
res the adoption of a System of Systems view
of all sectors of the economy and strong policy
coordination between the EU and its Member
States. Investments across each sector should
be focused on a pragmatic, integrated and in-
clusive approach, with the aim of minimising
decarbonisation costs in the social interest.

While all societal actors are working towards
decarbonisation by reducing their carbon fo-
otprint, some players are actually enabling Eu-
rope’s transition to a greener and more sustai-

The persistent increase in greenhouse gas emissions, their harmful effects on ecosystems and nable economy. In the energy sector, electrici’gy
the growing attention paid to climate and environmental issues highlight that the energy model transmission system operators (TSOs) play this
that fuelled the growth of the global economy during the last century is no longer sustainable. A role: theyl are enablllr?g The elegtrlflcatlpn of
worldwide commitment is required to progressively reduce natural resource consumption, increase Consymptlon and famhtgtmg th‘? mtegratpp of
energy efficiency and decarbonise all energy sectors. Acting now is essential. RES into the system while ensuring the efficient

operation of their grids and guaranteeing the
The EU has been at the forefront of international efforts to fight climate change since 1990. As part quality and security of electricity supply.

of this work, it played a leading role in the realisation of the 2015 Paris Agreement, which was the
first universal, legally binding global climate change agreement. 190 governments agreed on the
long-term goal of keeping the global average temperature increase to well below 2°C (preferably to
1.5°C) in comparison with pre-industrial levels.

5. Elia Group acts as a holding company which owns both Elia (the Belgian TSO) and 50 Hertz (one of the 4 TSOs in Germany; TenneT
represents both the TSO of the Netherlands and one of the 4 TSOs in Germany.
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Reaching the ambitious climate objectives laid out in the European Green Deal requires the active
participation of actors from across all sectors of society. The energy sector should lead the way,
since it accounts for approximately 82% of total European GHG emissions®.

In line with the provisions of the Green Deal, carbon neutrality should be reached through the re-

alisation of cost-optimal coupling between supply and demand whilst minimising decarbonisation
costs for society.

8. Emissions of the energy sector compared to total EU28 emissions in 2019 (Source: Eurostat — Data Explorer — June 2021).

Ficure 4

(Eurostat) (Elaboration on EU LTS Tech 1.5)
1.057 672
MTEP MTEP
Electricity Green hydrogen Other RES/decarbonised Other fossil
~2800 TWh Electricity End Use Demand ~4000 TWh
34% 85%
RES share
in electricity
960 TWh 3400 TWh
GHG emissions reduction
o) -
24% (vs 1990) Net-zero

(Sources: Eurostat and elaboration on the EU Long-Term Strategy Tech 1.59).

A first common element included in all future
energy scenarios is that energy efficiency will
be the primary instrument for reaching carbon
neutrality. By introducing the “energy efficiency
first” principle, the European Commission invi-
ted Member States to include energy efficiency
in all of their planning, policy and investment
decisions. As a conseguence and as confirmed
by the EU’s long-term strategy, the aim is for
Europe’s final energy consumption to decrease
by (a minimum of) 35% by 2050 in comparison
with 2019 levels.

A second common element of all future ener-
gy scenarios is that electricity will become the
dominant energy carrier and that the European

electricity grid will function as the backbone of
the decarbonisation of other energy sectors.
Electricity is a major building block of a clima-
te-neutral energy system because of the higher
efficiency of electrical end uses and the maturi-
ty of renewable electricity technologies.

To exploit the full decarbonisation potential of
electricity, the share it occupies in the energy
sector must be increased. This process, typi-
cally referred to as the direct electrification of
energy consumption, also contributes to redu-
cing primary energy needs. According to the
EU’s long-term strategy, electrification of con-
sumption is expected to increase from 23% in
2019 to more than 50% by 2050. This, coupled

9. JRC Technical Reports — Towards net-zero emissions in the EU energy system by 2050.






As a result of European climate policies, the power sector is undergoing a major change as it shifts
from a unidirectional system with a few big power plants and passive consumers to a fragmented
and bidirectional system comprising both large-scale and small-scale intermittent renewable ge-
neration facilities and thousands or even millions of small, flexible electrical consumption assets.

SCOPE 1: SCOPE 2:
INDIRECT EMISSIONS

RENEWABLES DIRECT EMISSIONS

SCOPE 3: EMISSIONS
OF THE VALUE CHAIN

TSO0s control and reduce their carbon footprint

A

GRID DEVELOPMENT & SYSTEM OPERATION

ELECTRIFICATION

QUALITY SUSTAINABILITY SECURITY RESILIENCE

DISTRIBUTED

RESOURCES INNOVATION
DIGITALISATION

v

TSOs enable RES integration & direct and indirect electrification of consumption

GRID SYSTEM OPERATION
& MARKET DESIGN

DEVELOPMENT

In this evolving context, the role played by
electricity carriers is growing in importance.
At the same time, TSOs will continue to be
responsible for the efficient development and
operation of their electricity transmission grids
in accordance with the following key pillars:

electricity systems need
to manage disturbances with minimum servi-
ce disruption, i.e. without violating the opera-
ting limits of the system. This includes provi-
ding information on adequacy requirements
to ensure that generation, storage and tran-
smission assets always match demand.

SUPPORTING DIRECT &
INDIRECT ELECTRIFICATION

TSOs need to ensure con-
tinuity of service and high-quality standards
(in terms of voltage levels, harmonics, etc.).

the electricity system must be
able to react to extreme and rare events and
promptly return to normal operating conditions.

TSOs need to operate and
develop the electricity system while minimi-
sing the impact of their activities (direct and
value chains) on the environment (including
GHG emissions but also biodiversity, consu-
mption of raw materials or resources, waste
management, etc.), looking at the interactions
between the grid and the ecosystem.






TSOs contribute to decarbonisation by reducing or limiting the carbon footprint of their own activities and
encouraging other actors across the value chain to limit theirs. This involves tracking and classifying their
own GHG emissions in line with the GHG emission protocol. The latter establishes a comprehensive global
standardised framework for measuring and managing GHG emissions produced as a result of private and
public sector operations and actions. This framework divides emissions into 3 categories, as outlined below.

This comprises direct emissions that occur from sources that are owned or control-

SCOpe led by the company. For a TSO, this includes emissions produced as a result of the
consumption of fossil fuels in activities related to construction, grid development
and maintenance (i.e. transport and machinery repair), SF, leaks in facilities, etc.

This includes GHG emissions that are produced as a result of the generation of pur-
chased electricity/heat that are consumed by the company. These are defined as

Scope
the forms of energy that are purchased or otherwise brought into the organisational
boundary of the company. For a TSO, scope 2 emissions are mainly related to los-
ses during the exploitation of the grid, with minor emissions also occurring due to

the electricity consumption of buildings and TSO activities.

This corresponds to indirect emissions produced as a result of upstream and down-
stream activities. Scope 3 emissions are an indirect consequence of the activities of
the company and are caused by sources not owned or controlled by the company.
For example, for a TSO, indirect emissions are caused by the construction of parts
of its infrastructure, products or services by other companies. Indirect emissions
from downstream activities occur as a result of waste treatment.

TSOs have identified and implemented a wide range of instruments to reduce or mitigate their
scope 1, 2 and 3 emissions. This includes, but is not limited to adopting sobriety and efficiency
measures in their activities and managing the impacts of their value chains and those related to
existing and future interactions between the grid and connected ecosystems. An overview of the
main instruments is provided in the diagrams below, alongside related flagship projects.

0 , . . . ,
C(ﬂ) For more information, click on this icon to learn more about each project.

SF, IN CIRCUIT BREAKERS (SCOPE 1)

o SF, is an inert gas which has a high die-
o lectric strength and thermal stability and
O OSFe is widely used in circuit breakers. Due
o o O to its high global_warmmg potential, SI-;.
o leaks are the main source of a TSO’s di-
rect emissions. To reduce or limit such
leaks, TSOs use a wide range of tools
and approaches, including:
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e enhanced monitoring and aware- Pa%a ',_!- ! handling
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ness-raising initiatives §
e Jeak detection and prevention solutions

e replacing equipment with alternatives
with lower leakage rates

e use of alternative low-emission gases
and Air-Insulated Switchgear (AIS).

In-house SF, monitoring application @%

Monitoring SF, consumption is the first way to estimate leaks and implement ef-
fective reduction strategies. To this end, Terna has devised an in-house applica-
tion that allows the monitoring of equipment that contains SF, gases throughout
its lifecycle (installation, maintenance and dismantling). This will allow Terna to
identify and prioritise measures to replace or minimise the use of SF..
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Completed in

RTE GIS plan @%

RTE has reinforced its leakage treatment policy to reduce emissions from
existing facilities with systematic leak detection, immediate treatment
using increasingly effective sealing techniques, preventive renovation of
the airtightness, treatment of circuit breakers (replacing the whole leaking
pole) and maintenance professionalisation. RTE is reducing its installed
SF,mass by building new substations using AlS technology as a priority.
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To be completed in

Innovative sealing technique for GIS compartment repairs

REE has developed a new methodology to repair SF, leaks in GIS compart-
ments, based on flexible sealing systems and clamps tailored to and installed
on each leakage point. This process does not require the dismantling of GIS
compartments or final tests and can be applied to compartments built by
different GIS suppliers (traditional methodologies require these and must be
carried out with the supplier's cooperation). The procedure therefore allows le-
aks to be repaired much more quickly; in turn, this leads to the quantity of SF,
emitted between the detection of the leak and its repair to be greatly reduced.

W RED
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Completed in

Pilot installation of SF-free GIS at Station Westerlee

In line with TenneT’s climate strategy, its goal of becoming climate-neutral by
2025 and in order to develop sustainable technical solutions, TenneT resolved
a bottleneck in an existing high-voltage substation with an SF-free GIS installa-
tion of 50 kV. The project was a pilot intended to test SF-free alternatives; the
current solution has a Global Warming Potential (GWP) which is lower than 1.

e>T1enner

To be completed in

Pilot project “SF - and mineral oil-free 110 kV substation bay”

In order to keep GHG emissions as low as possible, APG intensified its search
for alternatives to SF,.. As part of a study, APG analysed the market for existing
high-voltage SF-free technologies and their potential application across the
Austrian transmission grid. APG will shortly undertake a pilot installation of an
SF,-free and mineral oil-free bay in a 110 kV substation. This pilot project will
focus on testing applications built by different suppliers of air-insulated instru-
ment transformers and circuit breakers.

Austrian _ =
Power g <
Grid

To be completed in



https://www.terna.it/en/sustainability/environment/climate-change
https://assets.rte-france.com/prod/public/2020-07/Rapport d%E2%80%99%C3%A9valuation environnementale 2019 - R%C3%A9sum%C3%A9 non technique.pdf






https://www.tennet.eu/nl/ons-hoogspanningsnet/net-op-zee-projecten-nl/net-op-zee-hollandse-kust-noord-en-west-alpha/
https://www.tennet.eu/fileadmin/user_upload/Company/News/German/Fischer/2020/GreenPRC_An_open_letter_to_our_suppliers.pdf

Given the central role that TSOs play in the power sector and their potential to reduce GHG emis-
sions at the level of the energy system, their actions are enabling the energy transition and allowing
Europe to fulfil its Green Deal ambitions. Ensuring security and continuity of supply while enabling
the energy transition are, therefore, the key activities of every TSO.

These activities are growing in importance since the landscape of the energy sector is changing at
an extraordinary pace. The introduction of an increasing amount of RES into the system and more
decentralised electricity production is creating many new challenges for TSOs. In the medium-term,
the distribution of generation across the electricity grid will completely change as injected energy
will come both from small-scale decentralised solar, wind and biomass generation sources and
from large-scale green generation facilities such as offshore and onshore wind farms and solar
plants. As a consequence, the transmission infrastructure and the operation of the system and
markets need to be adapted in order to match this more variable, flexible and smarter system.
Moreover, backbone corridors must be reinforced to transport green energy over long distances.

The increasing fragmentation of the sector, characterised by decentralised energy sources and
the increasing number of market players due to electrification, is making the system increasingly
complex. On the one hand, the system will shift from being organised around a small number of
power plants and inelastic demand to one which encompasses a portfolio of small, decentralised
generation sources and flexibility means (such as electric vehicles, batteries and heating systems).
On the other hand, the high presence of variable renewable generation sources will result in daily
cycles of oversupply and under-supply of energy compared to load needs. This will make the alre-
ady complex management of evening residual load ramps even harder.

The efficient management of decentralised means will become crucial for guaranteeing the ade-
quacy and flexibility of the network; TSOs will need to be more flexible to keep the system in ba-
lance.

To tackle this increase in complexity and main-
tain a reliable and affordable energy supply, new
investments and innovative tools are needed.
These will need to encompass the complete
value chain of TSOs, stretching across each
area of their core business (grid development,
asset management, market design and system
operations) and address both the technologies
themselves, but also underlying factors, such
as company structures and processes.

Digital technologies will be key for enabling TSOs
to handle the increasingly complex system and
become more efficient, whilst operating as part
of an interconnected European energy system.

TSO investments will have to be accompanied
by a coherent European industrial strategy,

Ficure 8

Historical Target year
year (with measure
implemented)

which is able to industrialise the production of
innovative technologies and meet the demand
for them, and by new approaches for societal
acceptance of new infrastructures and a more
flexible use of electricity.

All these tools are necessary for ensuring an
effective transition to a carbon-free European
economy, since they either directly contribu-
te to RES integration and the electrification of
consumption or support their realisation.

The following diagrams provide an overview of
the main tools and flagship projects carried out
in these areas.

@ For more information, click on this icon to
Cg learn more about each project.

Emission reduction

The implemented measure reduces emissions, as
can be seen when compared with a condition un-
der which the measure has not been implemented.

This is the approach used to assess, for exam-
ple, the achievement of Science-Based targets.

Emission avoidance
The implemented measure
reduces emissions, as can
be seen when compared
with a forecast condition un-
der which the measure has
not yet been implemented.

This is the approach used
in national and European
development plans to as-

Historical Target year Target year
year (without (with measure
measure) implemented) development.

sess the benefits of a grid





https://www.ree.es/en/activities/unique-projects/submarine-interconnection-with-france



https://northseawindpowerhub.eu/
https://www.tennet.eu/news/detail/national-grid-and-tennet-to-jointly-develop-vision-to-link-offshore-wind-farms-to-britain-and-the-ne/
https://www.50hertz.com/en/Grid/Griddevelopement/Offshoreprojects/CombinedGridSolution
https://www.amprion.net/Netzjournal/Beitr%C3%A4ge-2020/Eurobar-Offshore-Vernetzung-ist-die-Zukunft.html



https://www.ree.es/en/press-office/news/press-release/2020/07/interconnection-all-balearic-islands-boost-energy-transition-in-the-archipelago
https://www.terna.it/en/projects/public-engagement/Tyrrhenian-link
https://www.50hertz.com/en/Grid/Griddevelopement/Onshoreprojects/SuedOstLink
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= System operation and market design

How TSOs contribute to
GHG emission reduction

The growing share of fluctuating RES in the electricity mix increases the flexibility and security of the system’s supply needs in daily, weekly, seasonal and annual terms while simultaneously reducing system inertia, which has traditionally
been provided by dispatchable generation power plants. Besides grid developments, managing the grid in a secure way requires the consistent integration of flexibility resources and changes to market mechanisms and regulations.

Market parties require clear long-term market signals to invest in cleaner generation power plants and flexible assets. Fostering cooperation between TSOs and the operators of the distribution grid will also be crucial,
since most decentralised renewables and flexibility resources will be hosted by the latter. TSOs will support and accelerate this transition both in their own countries and across them, by facilitating the development of

more integrated energy markets.

TSOs actively support the integration of

% flexible resources into the system and as-

sociated changes to markets and regula-

tions. Electrical storage systems and de-

mand side response (DSR) are necessary for coping

with the short-term flexibility requirements of the

electrical system and (in particular) structural RES

overgeneration during the central hours of the day
and the steeper evening residual load ramp.

- ACCELERATING THE INTEGRATION OF STORAGE AND DSR

& T1ennet swissgrid
Ongoing A >5C Z4Terna

Grid \ A Driving Energy

Equigy @%

Equigy plays a key role in the ac-

celeration of the energy transition o
and the integration of the energy EQUIG' bolandlag

. platform
system. With the European crowd

balancing platform, Equigy creates
a trusted data exchange to enable
aggregators to participate with
smaller flexibility devices, such as
home batteries and electric vehicles, in electricity balancing markets, turning
consumers into prosumers. Owned by leading European transmission system
operators, Equigy aims to set cross-industry standards throughout Europe, to
support a future-proof, reliable and cost-effective power system that is indepen-
dent of fossil fuel-based flexibility sources.

www.equigy.com

& aroun

Elia | 50Hertz | EGI

Consumer centricity C%

Ongoing

The purpose of the Internet of Ener-
gy ecosystem is to allow players to
explore, test and co-build new energy
services through a consumer-centric
approach. These services will allow
consumers to be active and central
players on the energy markets of the
future and benefit from the technolo-
gical investments they have made in
solar panels, heat pumps, boilers or
(car) batteries.

The digital transformation enabled by
> the Internet of Things (loT) is deeply
g,: improving TSO grid operation practices.
o~ Data-driven algorithms are progressi-

vely being integrated into automated
control systems to maximise the availability of grid
assets (e.g. in Dynamic Linear Rating solutions) and
minimise RES curtailment (e.g. by optimally managing
highly congested areas characterised by a presence
of different renewables and storage resources).

- ENHANCED GRID OPERATION DRIVEN BY DIGITALISATION

Life Cycle Analysis of DLR service at RTE C%

Le réseau
de transport
d'électricité

To be completed in 202 1
290-1500 t COeq/year in avoided emissions

The objective of the study is to
quantify the environmental im-
pacts of the DLR service on two
existing overhead lines. The resul-
ts show GHG gains linked to sub-
stitution of thermal power station
generation by RES generation for
system adequacy. For the 2 lines,
annual GHG emissions avoidance
is estimated to be between 290 t
CO,e and 1500 t CO,eq.

Dynamic Line Rating (DLR) SWissgrid

To be completed in 2023
1,000-2,000 t COeq/year in avoided emissions

By expanding the transmission capa-
city, DLR promotes the integration of
renewable generation. There is a sy-
nergy between DLR and wind energy;
however DLR is also beneficial for any
other stochastic renewable energy pro-
duction. In real-time operations, DLR
can be used to avoid redispatches whi-
ch will reduce costs and energy losses
but also any further investment in tran-
smission network reinforcements.

DECARBONISING THE ENERGY SYSTEM - The role of Transmission System Operators
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https://equigy.com/the-platform/
https://www.ioenergy.eu/
https://negaoctet.org/

- SUPPORTING LONG-TERM INVESTMENT SIGNALS —

Long-term investment signals are needed for an efficient and
effective build-up of resources (RES and conventional gene-
ration, flexible demand, storage and other forms of flexibility)
and secured capacity to guarantee security of supply.

Moreover, investment signals that reflect optimal locations are
crucial for the efficient development of the power grid. Invest-
ment signals can be provided by the energy-only market, but price
signals can be distorted for different reasons, hindering the gene-
ration of optimal investments. In this case, long-term investment
signals can be provided through regulatory instruments such as
support schemes for RES and capacity mechanisms.

In this regard, European electricity TS0s play a pivotal role in
assessing challenges and proposing solutions for the efficient
integration of resources into the markets and grids.

- FOSTERING TSO - DSO COLLABORATION

Since a large part of non-programmable RES and flexible re-
sources will be connected to the distribution grid, active col-
laboration between TSOs and distribution system operators
(DSO0s) will be required.

As mandated by the Clean Energy for all Europeans package,
these two types of player have already established formal
collaboration channels through their associations (ENTSO-E
and the DSOs associations’’).

Key areas of mutual exchange involve common practices for
scenario building and grid planning, ensuring an improved
visibility over distributed resources and the definition of com-
mon principles for the integration of flexibility resources into
the grid.

11. Now represented by the newly established EU DSO Entity.

How TSOs contribute to
GHG emission reduction

— BOOSTING MARKET INTEGRATION

Another fundamental step for increasing the efficiency of the
electrical system and ensuring a transition to carbon neu-
trality at the least cost for society involves the integration of
fragmented energy markets across European countries.

TSOs can play a pivotal role in creating an internal European
energy market, facilitating the cross-zonal trading of energy and
ancillary services and further increasing regional cooperation.
Although market integration has been already implemented in
several areas across Europe, as mandated by the Clean Energy
for all Europeans package, there is still a need for harmonisation
and the development of consistent common network codes.

This would minimise the curtailment of non-programmable
renewables and ensure operational security and resource
adequacy in Europe.

DECARBONISING THE ENERGY SYSTEM - The role of Transmission System Operators
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The electrification of energy consumption involves the replacement of end use technologies supplied by fossil fuels with electrical ones (direct electrification) or with technologies supplied by energy carriers produced from
low-carbon electricity (indirect electrification).

As part of their enabling role, TSOs fully support both forms of electrification outlined above, with the aim of decarbonising the whole energy system at the lowest cost for the society. However, while both types of electrification are
needed to achieve carbon neutrality in the long-term, they also impact the electricity network. This simultaneously poses new challenges for TSOs whilst presenting them new opportunities for enhanced grid operation.

In this regard, TSOs regularly undertake modelling studies of the power system to verify the impacts of electrification on the electrical system in the short-, medium- and long-term. These studies are often used to inform
national and European energy policy (for example, they are included in scenario reports and energy strategies).

— DIRECT ELECTRIFICATION

Direct electrification involves the replace- ELECTROMOBILITY HEATING SYSTEMS
ment of end use technologies which emit
high amounts of carbon (and are typically . The EU is aiming for 30 million electric vehicles to be deployed by 2030, . EU Energy scenarios for 2050 provide for up to 7 times the heat currently
less efficient) with electrical ones. In the while up to 220 mi//iqn are expected to be deployed by 2050 based on produced by electrical heat pumps, with significant geographical diffe-
long-term, the process will result in higher future energy scenarios. rences across Europe.
electricity 001.1$ump tion and mf)dlflcatlons to the electricity . Such numbers will have a limited impact on the overall electricity de- . The widespread adoption of electrical heating systems are likely to have
d_emand prqflle. At tl_le same' time, the 'spread of decentr ‘?' mand, but could potentially create issues in peak management in case a limited impact on the overall electricity demand, while potentially incre-
lised electrical appliances, if appropriately managed, will of simultaneous and uncontrolled charging. asing system adequacy needs in countries with the highest technology
provide TSOs with flexible resources to be used for real-ti- switching ratios.
me grid operation, thus helping to transform the electricity . Time of use tariffs could be useful to mitigate the impact of electromo-
system into one which includes a high amount of variable bility on the grid. Smart charging could also provide TSOs with flexible . If DSR-enabled, the electrical heating system could represent a source
RES. The end uses with the highest direct electrification resources to enhance grid operation. Charging infrastructure designed of flexibility for TSOs.
potential are vehicles and heating systems. The latter can to be vehicle-to-grid (V2G) ready could provide system operators with
be carried out alongside energy efficiency measures to im- additional flexibility opportunities.
prove the thermal performance of buildings.

— INDIRECT ELECTRIFICATION

Indirect electrification involves the replace- POWER-TO-GAS

ment of end use technologies that emit large

amounts of carbon with alternatives supplied . The EU hydrogen strategy provides for 40 GW of electrolysers to be installed by 2030 and estimates that low-carbon hydrogen will cover 13-14% of the energy
by gaseous and liquid fuels or heat produced consumption by 2050.

from low-carbon electricity. Hydrogen technologies sup-
plied by low-carbon hydrogen produced by Power-to-Gas
(P2G) plants will prevail in future. With the aim of enabling
the decarbonisation of “hard-to-abate” sectors, electricity

. Based on the specific configuration of electrolysers, their use will impact the electricity network. In cases where P2G plants are connected to the grid, TSOs will
have to ensure an effective and secure integration of the additional RES required to supply them and manage the associated electricity flows. Depending on the
system conditions, electrolysers could provide flexibility potentials for balancing and redispatching services.

TSOs will support the effective integration of P2G plants, @ Giectrolysers will also represent a flexibility resource, as they can be used to convert the seasonal or interannual excess of RES generation into green fuels, whi-
which will also contribute to meeting the long-term flexi- ch can (in turn) be used in the directly in “hard-to-abate” sectors or converted back into electricity during periods when there is a shortage of RES generation.
bility requirements of the energy system. However, it will not be the silver-bullet on short and medium term due to high conversion losses and high technology costs.

. The location of large electrolysers is an important aspect that needs to be considered for the efficient development of infrastructure, guided by coordinated
network development plans between electricity and gas TSOs. However, the optimal localisation of electrolysers depends on country-specific considerations.

. Transporting renewable power in the form of hydrogen over long distances could be an economically attractive option, in cases where there is a demand for
hydrogen, there is already pipeline infrastructure in place or this could be developed as a result of coordinated network development plans.

. The development of an appropriate legal and regulatory framework and a market design that provides locational, when necessary, and operational incentives
for electrolysers is also essential.




To enable the electrification of consumption and the integration of a large amount of additional RES
capacity into the system, TSOs will have to manage the resulting complexity by investing in network
developments and innovative services to keep the system stable and secure.

The direct consequence of their enabling role is that their activities will grow in the coming years.
As a result, their overall energy consumption could also grow. Building new transmission lines and
grid assets (such as new transformers, synchronous condensers, etc.) and managing the higher
flows resulting from the electrification of end uses and integration of intermittent RES will in fact
inevitably lead to additional consumption for construction works and additional grid losses.

However, when observing this from a systemic point of view, the positive impact deriving from the
implementation of tools enabling GHG emission reduction at system level will ultimately also con-
tribute to the reduction of the TSO's carbon footprint. For instance, the additional grid losses that
could result from the construction of a new line connecting an offshore wind farm to the onshore
grid (and the associated GHG emissions) will be outweighed by the integration of the renewable
energy generated by the wind farm into the system.

This example highlights the importance of assessing the decarbonisation potential of TSO activities
by considering their impact on the energy system as a whole.

However, while actions taken by TSOs to reduce their carbon footprint are currently assessed ac-
cording to standardised international protocols', the role of network operators as enablers of the
energy transition (which holds a higher GHG emission reduction potential than the one that lies in
the reduction of their carbon footprint), is not explicitly mentioned in GHG emission inventories.
Moreover, this role is only partially recognised in cost-benefit analyses included in national and Eu-
ropean grid development plans.

Revealing the full decarbonisation potential of TSOs, and thus their role in enabling the achievement
of Europe’s climate goals, requires the adoption of a systemic approach - one that would explicitly
recognise TSOs as enablers of the energy transition. Their enabling activities need to be explicitly
mentioned in GHG emission inventories under common assessment and monitoring frameworks,
next to GHG emission sources associated with TSOs’ carbon footprint.

With this in mind, the EU taxonomy regulation for sustainable activities published in July 2020 re-
presents a good example of common criteria to assess the contribution of TSO activities to climate
change mitigation and adaptation. This EU framework aims to direct investments towards sustai-
nable activities. It recognises the enabling nature of TSO activities by using a systemic approach
and assessing their overall impact on the emission factor of the whole European electricity system
(see box on the next page for further information).

12. Such as the GHG protocol (https://ghgprotocol.org/)

In order to meet the EU’s climate and energy targets for 2030 and reach the objectives of the European
Green Deal, investments should be directed towards sustainable projects and activities. This is why the
action plan on financing sustainable growth called for the creation of a common classification system
for sustainable economic activities, or an “EU taxonomy”. With the objective of climate change mitiga-
tion in mind, the EU taxonomy defines technical screening criteria for assessing the contribution of TSO
activities to the energy transition.

According to this taxonomy, each activity undertaken by TSOs makes a substantial contribution to
climate change mitigation if:

e the transmission infrastructure or equipment is part of the interconnected European system;

e more than 67% of newly enabled generation capacity in the system is below the generation threshold
value of 100 gCO,e/kWh measured on a life cycle basis, over a rolling five-year period;

* the average system grid emissions factor is below the threshold value of 100 gCO,e/kWh measured
on a life cycle basis, over a rolling five-year period.

The following activities are considered as always eligible according to the EU taxonomy framework: the
construction and operation or expansion of direct RES connections; the installation of Tier 2 transfor-
mers; the installation and operation of equipment or infrastructure aimed at integrating more renewable
generation or increasing the controllability and observability of the network; interconnections between
electricity systems, where at least one is considered compliant to taxonomy criteria.

Therefore, the vast majority of TSO activities fall within the aforementioned scope and are thus consi-
dered as activities that enable the energy transition.
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Air-insulated Substation (AIS): AIS high vol-
tage substation engineering uses air in a me-
tal-clad system for insulation.

Coefficient of Performance (CoP): The CoP of
a heat pump, refrigerator or air conditioning sy-
stem is a ratio indicating the efficiency of such an
asset: the useful heating or cooling provided for
its user against the work (or energy) required to
power it. Higher COPs equate to higher efficien-
cy, lower energy (power) consumption and thus
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lower operating costs. The COP usually exceeds
1, especially in heat pumps, because of the con-
tribution of ambient heat (source: Wikipedia).

Distribution System Operator (DSO):
Regulated entity responsible for the transport of
electrical power along the distribution network
(e.g. between the high-voltage transmission sy-
stem and the end consumer). They provide ac-
cess to the distribution network users according
to non-discriminatory and transparent rules.
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ENTSO-E: the European Network of Tran-
smission System Operators that represen-
ts 42 electricity transmission system opera-
tors (TSOs) from 35 countries across Europe.
ENTSO-E was established and given legal
mandates by the EU's Third Package for the
Internal energy market in 2009, which aims to
further liberalise the gas and electricity markets
in the EU.

Gas Insulated Substation (GIS): GIS hi-
gh-voltage substation engineering uses the
gas sulfur hexafluoride (SF,) or other gases for
insulation.

Global Worming Potential (GWP): This is the
heat absorbed by any greenhouse gas in the at-
mosphere, as a multiple of the heat that would
be absorbed by the same mass of carbon dioxi-
de (CO,). GWP is 1 for CO,. For other gases, it
depends on the gas and the time frame (source:
Wikipedia).

Greenhouse gas (GHG): A greenhouse gas
is a gas that absorbs and emits radiant energy
within the thermal infrared range, causing the
greenhouse effect. The primary greenhouse ga-
ses in the Earth's atmosphere are water vapour
(H,O), carbon dioxide (CO,), methane (CH,),
nitrous oxide (N,O), and ozone (O,) (source:
Wikipedia).
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Greenhouse Gas emission protocol: The
GHG Protocol establishes comprehensive glo-
bal standardised frameworks to measure and
manage greenhouse gas emissions from private
and public sector operations, value chains and
mitigation actions (https://ghgprotocol.org/).

Power-to-X (P2X): This refers to the conver-
sion of electricity into other forms of energy
(typically gas and liquid fuel and heat). Power-
to-X conversion technologies allow for the de-
coupling of power from the electricity sector
for use in other sectors (such as transport or
chemicals). The X in the expression generally
refers to one of the following: power-to-am-
monia, power-to-chemicals, power-to-fuel,
power-to-gas, power-to-hydrogen, power-to-
liquid, power-to-methane, power-to-syngas,
etc (source: Wikipedia).

Project of Common Interest (PCI): This is a
category of projects that the European Com-
mission has identified as a key priority for in-
terconnecting the European Union's energy sy-
stem infrastructure. These projects are eligible
to receive public funds. The PCl list is reviewed
every two years.

Renewable Energy Sources (RES):
Renewable energy is useful energy that is col-
lected from renewable resources, which are
naturally replenished on a human timescale,
including carbon-neutral sources like sunlight,
wind, rain, tides, waves, and geothermal heat.
This type of energy source stands in contrast
to fossil fuels, which are being used far more
quickly than they are being replenished.

Science-based target: Science-based tar-
gets provide companies with a clearly-defined
path to reduce emissions in line with the Pa-
ris Agreement goals. More than 1,000 busi-
nesses around the world are already working
with the Science Based Targets initiative (SBTi)
(https://sciencebasedtargets.org/).

Sulphur hexafluoride (SF,): This is an extre-
mely potent and persistent greenhouse gas
that is primarily utilised as an electrical insula-
tor and arc suppressant. It is inorganic, color-
less, odorless, non-flammable, and non-toxic
(source: Wikipedia).

Ten Year Network Development Plan
(TYNDP): One of the main publications of EN-
TSO-E, elaborated in coordination with EN-
TSOG, the association of the gas TSOs. It is
the only existing pan-European network deve-
lopment plan, including transmission and sto-
rage projects. It is the basis for the selection
of EU projects of common interest (PClIs)
(https://tyndp.entsoe.eu/).

Transmission System Operator (TSO): En-
tity responsible for the bulk transmission of
electrical power across the main high-voltage
electric networks. The term is defined by the
European Commission. The certification pro-
cedure for Transmission System Operators is
listed in Article 10 of the Electricity and Gas
Directives of 2009.



INTRODUCTION TO THE EUROPEAN COST-BENEFIT ANALYSIS

The European Cost Benefit Analysis (CBA) methodology provides a uniform basis for the
assessment of transmission and storage projects included in ENTSO-E’s Ten-Year Network
Development Plan (TYNPD). The methodology complies with the requirements of EU Regula-
tion (EU) 347/2013 and is also intended to be used by Member States as a reference for the
realisation of their national development plans.

A robust assessment of transmission and storage projects, especially in a meshed system,
requires the implementation of complex methodologies; costs and benefits associated with a
project are evaluated using combined cost-benefit and multi-criteria approaches which result
in both qualitative and quantitative indicators.

Some indicators - such as CO, variation (B2), RES integration (B3) and grid losses (B6) - are
used to quantify a project’s contribution to environmental and decarbonisation goals. Indica-
tors are calculated by comparing the results of market and network simulations carried out
both with and without the relevant project; they therefore represent how many CO, emissions,
RES curtailments and grid losses have been avoided. More information about the CBA can
be found on ENTSO-E’s website. @
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Ficure 9 INDICATORS OF THE CBA METHODOLOGY

B1. Socio-economic welfare C1. CAPEX
C2. OPEX

Residual Impact

B6. Adequacy

(Source: 2 ENTSO-E Guideline for Cost Benefit Analysis of grid development projects, 2018)

S1. Environmental
S2. Social

DIRECT ELECTRIFICATION: FOCUS ON FRANCE

RTE's "Electromobility Study"

A significant expansion of electric mobility in the coming years, in
line with the ambitions of public authorities (French Low Carbon Ree
Strategy), will not represent a major issue for security of supply
and adequacy. Some of the vehicle recharging will have to be con-
trolled, depending on how electric mobility is developed. Even un-
der a ‘limited growth’ scenario (in terms of the number of vehicles
which are rolled out and the characteristics of the recharging),
controlling about half of all recharging events would be sufficient
to guarantee compliance with the security of supply criterion. Bi-
directional charging (V2G) represents an interesting economic op-
portunity for users and for the electrical system.

System services represent a market that can be very profitable for

Q@

participating vehicles. However, according to the study, in France a few hundred thousand
V2G-ready vehicles would be sufficient for providing all the system services which are requi-
red today.

Thanks to the electrification of transportation, France's carbon footprint could be reduced
by at least 18 million tons CO,eq per year by 2035. According to all future energy scenarios,
current emissions in the transport sector will be reduced by between 20 million tons CO,e
and 35 million tons CO,e per year in the run-up to 2035 (compared to a scenario without
electromobility).

RTE and ADEME "Building heating study"

France’s ambitious objectives related to building renovation and the
development of renewable energy will not lead to an increase in @
electricity consumption for heating purposes and will not impact
electrical peaks. In fact, all of the planned energy efficiency actions
will compensate for the additional consumption created as a conse-

Réduction des

guence of the rollout of new electric heating equipment. émissions de €O,

impact sur le
systéme électrique :

The development of electrical solutions in buildings is, like the de- AL GG
velopment of other decarbonised solutions, essential for decarbo-

nising emissions linked to heating. These solutions must be under-
taken in an efficient way and must be accompanied by measures
to increase the performance of buildings. These ambitious objecti-
ves will allow emissions to be reduced by 28 million tons of CO.eq
per year by 2035 compared to 2018.

DECARBONISING THE ENERGY SYSTEM - The role of Transmission System Operators
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https://tyndp.entsoe.eu/cba/
https://assets.rte-france.com/prod/public/2020-06/Rte%20electromobility%20report_-_eng.pdf
https://assets.rte-france.com/prod/public/2021-02/Rapport%20chauffage_RTE_Ademe.pdf

Creative concept
Graphic design
Desktop publishing

O
MerCUrOe-

Www.mercuriogp.eu



Driving Energy

./
p=4Terna

Le réseau
de transport
d'électricité

mbup

Elia | 50Hertz | EGI

i>Tenner

n
amprion

connects

% RED

-':‘”,//-—f ELECTRICA
DE ESPANA

swissgrid

Austrian -
Power }
Grid t

=3 ¥
| "
o \ ~ W L
/ - 1
b )
L B _

L R Rt . — S i TR TR, T AR A R A I TR

i T

o o, Aoy T 3 3 i e
el Wy g g = 1 o = A " 2 alAl 1
- BT g TR el TR !'-“"‘ il voedhars S et AU





